


Contents

Contributorsxv

Prefacexvii

Part1PrinciplesofParallelComputation1

Chapter1VectorProcessorsandMultiprocessors3
WalterJ.KarplusUniversityofCalifornia,LosAngeles

1.1TheQuestforSpeed3
1.1.1SimulationofDistributedParameterSystems3
1.1.2Real-TimeSimulationofDynamicSystems4
1.1.3SignalProcessingofSampledData4

1.2SupercomputersandMinisupercomputers5
1.3VectorProcessors:DesignAlternatives7
1.4PeripheralArrayProcessors:DesignAlternatives9
1.5Minisupercomputers:VectorProcessors11
1.6Multiprocessors:DesignAlternatives14
1.7Minisupercomputers:Multiprocessors17
1.8PerformanceMeasures19
1.8.1PartialDifferentialEquations22
1.8.2OrdinaryDifferentialEquations25
1.8.3ArtificialIntelligence26

1.9TheChangingSimulationEnvironment28
Bibliography29

Chapter2ExploitingParallelisminMultiprocessorsand
Multicomputers31
KaiHwangUniversityofSouthernCalifornia

2.1SupercomputerArchitecturalAdvances31
2.1.1EvolutionofModernSupercomputers31
2.1.2AdvancedArchitecturalChoices34

2.2ConcurrencyinMultiprocessorsandMulticomputers41
2.2.1ProcessorSchedulingandActivityControl41
2.2.2InterprocessorCommunicationsSchemes43
2.2.3ReconfigurableInterconnectionNetworks48



2.3ParallelMemoryandI/OMultiprocessing51
2.3.1MemoryHierarchyandAccessMethods51

2.3.2I/OMultiprocessingandFrontEnd56
2.4ProcessMigrationandLoadBalancing58
2.4.1ProcessMigrationRequirements58
2.4.2DynamicLoad-BalancingMethods60

2.5PerformanceIssuesandAnswers61
2.5.1CriticalIssuestoAchieveHighPerformance61

2.5.2TowardaScienceofParallelComputation63
Bibliography65

Chapter3DesignRequirementsofConcurrentLispMachines69
RobertH.Halstead,Jr.MITLaboratoryforComputerScience

3.1Introduction68
3.2ConcurrentLispLanguages70
3.2.1UnmodifiedSequentialLisps71
3.2.2Side-Effect-FreeLisps72
3.2.3LispwithExplicitConcurrency73
3.2.4SourcesofParallelism76
3.2.5Summary78

3.3ChallengestotheConcurrentLispMachineArchitect78
3.3.1ChallengesfromLisp79
3.3.2ChallengesfromConcurrency80
3.3.3ChallengesfromConcurrentSymbolicAlgorithms82
3.3.4Summary83

3.4ImportantConcurrentLispMachineDesignDecisions84
3.4.1ScaleoftheMachine85
3.4.2OverallOrganization85
3.4.3Addressing,Caching,andReplication85
3.4.4StorageAllocationandGarbageCollection87
3.4.5LatencyAvoidanceandLatencyTolerance89
3.4.6Summary91

3.5AnExample92
3.5.1OverallOrganization92
3.5.2TheCommunicationSubnet94
3.5.3MemoryOrganization95
3.5.4ProcessorOrganization98
3.5.5SummaryandDiscussion101

3.6Conclusions102

Acknowledgments102
Bibliography103

Chapter4DesignIssuesofMultiprocessorsforArtificial
Intelligence107
BenjaminW.WahUniversityofIllinoisatUrbana
Guo-jieLiChineseAcademiaSinica

4.1Introduction107
4.1.1CharacteristicsofAlComputations107
4.1.2HeuristicSearches109
4.1.3FasterTechnologiesandParallelProcessing110
4.1.4DesignIssuesofParallelAlArchitectures112



4.2RepresentationLevel113
4.2.1Domain-KnowledgeRepresentations114
4.2.2MetaknowledgeRepresentations117
4.2.3AlLanguagesandProgramming120

4.3ControlLevel125
4.3.1ConsistencyMaintenance126
4.3.2Partitioning127
4.3.3Synchronization132
4.3.4Scheduling137

4.4ProcessorLevel143
4.4.1MicrolevelArchitectures143
4.4.2MacrolevelArchitectures144
4.4.3Functional-Programming-OrientedSystem-LevelArchitectures145
4.4.4LogicandProduction-OrientedSystem-LevelArchitectures148
4.4.5DistributedProblem-SolvingSystems149
4.4.6HybridSystems149
4.4.7Fifth-GenerationComputerProjects150

4.5DesignDecisionsofAl-OrientedComputers152
4.6TheFuture154
Bibliography155

Part2AdvancedComputerArchitectures167

Chapter5Compute-IntensiveProcessorsandMulticomputers169

JohnL.GuStafSOnSandiaNationalLaboratories

5.1Introduction169
5.2ApplicationsofArrayProcessors169
5.2.1SeismicDataProcessing169
5.2.2MedicalImaging170

5.3ApplicationsofAttachedScientificProcessors171
5.3.1StructuralAnalysis172
5.3.2AnalogCircuitSimulation173
5.3.3ComputationalChemistry174
5.3.4ElectromagneticModeling175
5.3.5SeismicSimulation176
5.3.6AlApplications177

5.4DesignPhilosophy177
5.5ArchitecturalTechniques180
5.5.1FunctionalUnits181
5.5.2ProcessorControl182
5.5.3ParallelismandFortran185
5.5.4MainMemory185
5.5.5Registers187
5.5.6Vector/ScalarBalance187
5.5.7Precision188
5.5.8ArchitectureSummary191

5.6AppropriateAlgorithms191
5.6.1DenseLinearEquations192
5.6.2AnExtremeExample:TheMatrixAlgebraAccelerator193

5.6.3FourierTransforms195
5.6.4FiniteDifferenceMethods195

5.7MetricsofCompute-IntensivePerformance197



5.8Addendum:HypercubeMulticomputers198
5.9ConcludingComments200
Acknowledgments201
Bibliography201

Chapter6HypercubeSystemsandKeyApplications203

YinL.ShihandJeffFierSymultSystemsCorporation

6.1Introduction203
6.2ExampleHypercubes205
6.2.1AMETEKSystem14205
6.2.2FPSTSeries207
6.2.3InteliPSC210
6.2.4NCUBE211
6.2.5Comparisons214
6.2.6PerformanceMeasurements215

6.3ApplicationsonHypercubes218
6.3.1SeparatedFlowSimulationsUsingtheVortexMethod220
6.3.2TransonicFlow225
6.3.3FastFourierTransforms228
6.3.4ImplementationsoftheAlternatingDirectionImplicitMethod230
6.3.5SolvingMatrixEquations:UNPACK234

6.4Second-GenerationSystems239
6.4.1HardwareEvolution239
6.4.2SoftwareRevolution241

Bibliography243

Chapter7ParallelArchitecturesforImplementingArtificial

IntelligenceSystems245

KaiHwangUniversityofSouthernCalifornia
RaymondChOWkwanyunSymultSystemsCorporation
JoydeepGhOShUniversityofTexasatAustin

7.1Introduction245
7.1.1SymbolicProcessinginAl245
7.1.2Al-OrientedComputers246

7.2ATaxonomyofAlMachines248
7.2.1Language-BasedAlMachines250
7.2.2Knowledge-BasedAlMachines252
7.2.3ConnectionistSystems254
7.2.4IntelligentInterfaceMachines257

7.3Language-BasedMachines257
7.3.1LispMachines:Symbolics3600Series257
7.3.2PrologMachines:PIMinJapan260
7.3.3FunctionalProgrammingMachines:ALICE262

7.4Knowledge-BasedMachines266
7.4.1Rule-BasedProductionMachines:DADO2266
7.4.2SemanticNetworkMachine:ConnectionMachine270
7.4.3Object-OrientedMachines:FAIM-1273

7.5ConnectionistSystemsandIntelligentInterfaceMachines276
7.5.1ConnectionistMachine:Hypernet276
7.5.2VisionMachine:BBNButterfly280

7.6TheFutureofAlMachines282
Bibliography284



Chapter8ComparisonoftheCrayX-MP-4,FujitsuVP-200,andHitachi
S-810/20289
JackJ.DongarraandAlanHindsArgonneNationalLaboratory

8.1Introduction289
8.2Architecture289
8.2.1CrayX-MP290
8.2.2FujitsuVP-200(Amdahl1200)293
8.2.3HitachiS-810/20295

8.3ComparisonofComputers296
8.3.1IBMCompatibilityoftheFujitsuandHitachiMachines297
8.3.2MainStorage'Characteristics297
8.3.3MemoryAddressArchitecture300
8.3.4MemoryPerformance302
8.3.5Input/OutputPerformance304
8.3.6VectorProcessingPerformance306
8.3.7ScalarProcessingPerformance309

8.4BenchmarkEnvironments310
8.5BenchmarkCodesandResults311
8.5.1Codes311
8.5.2Results315

8.6FortranCompilersandTools315
8.6.1FortranCompilers317
8.6.2Fortrantools320

8.7Conclusions321
Acknowledgments323
Bibliography323

Chapter9MulticomputerLoadBalancingforConcurrentLisp
Execution325
RaymondChOWkwanyunSymultSystemsCorporation
KaiHwangUniversityofSouthernCalifornia

9.1Introduction325
9.2LoadBalancinginMulticomputers326
9.2.1Message-PassingMulticomputers327
9.2.2Control-LevelParallelism328

9.3OperatingSystemDirectivesforProcessMigration329
9.3.1ProcessControlBlocks330
9.3.2OperatingSystemDirectives332

9.4HybridLoadBalancingMethod333
9.4.1Sender-vs.Receiver-InitiatedModes333
9.4.2TheHybridMethod336
9.4.3MacroDataflowExecutionModel337

9.5MulticomputerArchitecturalSupport338
9.5.1ASingleProcessorArchitecture339
9.5.2ThePostmanandAwakeModules339
9.5.3LoadInformationandDeciderModules341
9.5.4HybridSoftwareArchitecture342

9.6ParallelisminExecutingLispPrograms345
9.6.1AND-Parallelism345
9.6.2OR-Parallelism346
9.6.3ListandArgumentParallelism346



9.7ParallelizationofLispPrograms348
9.7.1ParallelizationofAND/OR-Parallelism348
9.7.2ParallelizationofListandArgumentParallelism349
9.7.3ParallelizationofGabrielBenchmarkPrograms350
9.7.4Compile-TimeOverhead354

9.8ConcurrentLispBenchmarkingandAnalysis355
9.8.1GabrielBenchmarkResults355
9.8.2PerformanceAnalysis361

9.9Conclusions363
Acknowledgments364
Bibliography365

Part3ParallelProcessingSoftware367

Chapter10ParallelProgrammingEnvironmentandSoftwareSupport369

KaiHwangUniversityofSouthernCalifornia
DougDeGroOtTexasInstruments

10.1ParallelProcessingforPerformance369
10.1.1AdvancedParallelProcessing370
10.1.2PerformanceBenchmarking371

10.2ParallelLanguagesandIntelligentCompilers371
10.2.1ConcurrentProgrammingLanguages372
10.2.2IntelligentCompilerandDirectives374
10.2.3TraceSchedulingforScalarParallelism378

10.3VectorizationandMultitaskingSoftware383
10.3.1VectorizationandMigrationTechniques383
10.3.2MultiprocessingandMultitasking386

10.4ParallelAlgorithmsandApplicationsSoftware390
10.4.1MappingAlgorithmsontoParallelArchitectures390
10.4.2MathematicalSoftwareandApplicationPackages394

10.5CreatingaParallelProgrammingEnvironment398
10.5.1User-FriendlyProgrammingEnvironment399
10.5.2TechniquesofConcurrentProgramming401

10.6Conclusions404
Bibliography405

Chapter11AutomaticVectorization,DataDependence,and
OptimizationsforParallelComputers409
MichaelWolfeOregonGraduateCenter

11.1Introduction409
11.2DataDependence411
11.2.1DataDependenceDirections413

11.3VectorizationMethods416
11.4LoopConcurrentization423
11.4.1MultivectorComputers426

11.5LoopInterchanging426
11.6ApplicationstoParallelLanguages428
11.7ComputingDataDependenceRelations430
11.7.1DataDependenceDecisionAlgorithm433
11.7.2ExamplesofDependenceComputation436

11.8Summary438
Bibliography438



Chapter12ApplyingAlTechniquestoProgramOptimizationfor
ParallelComputers441

Ko-YangWangPurdueUniversity
DennisGannonIndianaUniversity

12.1Introduction441
12.1.1TheTrendTowardParallelism441
12.1.2AutomaticProgramParallelismOptimization442

12.2AbstractingtheMachineFeaturesandBuildingtheKnowledgeBase444
12.2.1ParallelismandProgramParallelization445
12.2.2ProgramRealizationandRestructuring446
12.2.3ProblemsinProgramParallelismOptimization447
12.2.4ProgramRepresentation448
12.2.5TheRepresentationofMachineStructures449
12.2.6ProgramandMachineFeatureAbstraction455
12.2.7TheParallelismMetric456

12.3IntelligentProgramTransformations458
12.3.1SystemOrganization458
12.3.2HeuristicHierarchy459
12.3.3ProgramTransformationwithHeuristics462
12.3.4OrganizationofTransformationHeuristics464
12.3.5ApplyingaTransformationHierarchytoProgramTrans-
formation468

12.4Conclusions476
Appendix478
Bibliography483

Chapter13RestrictedAND-ParallelismandSideEffectsinLogic

Programming487

DougDeGrootTexasInstruments

13.1Introduction487
13.2ParallelExecutionofPrologPrograms488
13.3OverviewoftheRAPModel492
13.3.1TheTypingAlgorithm492
13.3.2TheIndependenceAlgorithm494
13.3.3TheExecutionGraphExpressions495

13.4ExamplesofExecutionGraphExpressions496
13.5BacktrackingintheRAPModel498
13.6SideEffects500
13.6.1Side-EffectGoals―SomeTerminology501
13.6.2SequencingSide-EffectGoals501

13.7CompilingSide-EffectExpressions503
13.7.1SynchronizationBlocks505
13.7.2DistributingSynchronizationBlocks507

13.8ExamplesofSide-EffectGraphExpressions510
13.9SoftSide-EffectBuilt-lns518
13.10SuspendingExpressionExecution520
13.11Summary521
Bibliography521



Part4NewComputingTechnologies523

Chapter14DataflowComputationsforArtificialIntelligence525

JackB.DennisMITLaboratoryforComputerScience

14.1Introduction525
14.2DataflowComputation527
14.3ArtificialIntelligence532
14.4ASentenceRecognizer533
14.5ProgramStructurefortheSearchProcess539
14.6ConcurrencyinHeuristicSearch:TheParallelPriorityQueue544
14.7ImplementingGlobalMemoryonaDataflowMultiprocessor550
14.8OverallPerformanceAnalysis552
14.9Conclusion556
Bibliography558

Chapter15VLSIArrayProcessorsforSignal/ImageProcessing561

S.Y.KungPrincetonUniversity

15.1Introduction561
15.2MappingAlgorithmstoSystolic/WavefrontArrays563
15.2.1Stage1:LocalDGDesign566
15.2.2Stage2:SignalFlowGraphDesign568
15.2.3Stage3:Systolic/WavefrontArrayProcessorDesign571

15.3SystemDesignIssuesofSystolic/WavefrontArrays573
15.3.1OrganizationofSystolic/WavefrontArraySystems575
15.3.2MatchingAlgorithmstoArrays575

15.4Signal/ImageProcessingApplications585
15.4.1EdgeDetectionbyMeansofTwo-DimensionalConvolution585
15.4.2ShortestPathProblem587
15.4.3DynamicTimeWarpingforSpeechRecognition594
15.4.4SimulatedAnnealingforImageRestoration597
15.4.5SystolicDesignforArtificialNeuralNetwork602

15.5ConcludingRemarks606
Bibliography607

Chapter16ExploringNeuralNetworkandOpticalComputing
Technologies609
ScottT.ToborgHughesAircraftCompany
KaiHwangUniversityofSouthernCalifornia

16.1Introduction609
16.1.1LimitationsofConventionalComputers610
16.1.2TheNeuralNetworkParadigm610
16.1.3TheStateofOpticalComputing612

16.2PrinciplesofNeuralNetworkComputing613
16.2.1StructureandDesignConsiderations614
16.2.2StateEquationsandStability617
16.2.3MethodsofLearningandComputation619

16.3NeuralNetworkModelsandApplications620
16.3.1HopfieldModelandtheTravelingSalesmanProblem621
16.3.2TheNeocognitronandCharacterRecognition624
16.3.3AdaptiveResonanceandPatternClassification628



16.4OpticalComputingDevicesandArchitectures636
16.4.1OpticalComputingDevices636
16.4.2ArchitectureofanOpticalComputer638
16.4.3OpticalCrossbarandHologramNetworks639

16.5OpticalArithmeticAlgorithmsandProcessors641
16.5.1OpticalSymbolicArithmetic642
16.5.2TotallyParallelAdditioninOptics643
16.5.3AnOpticalArithmeticProcessor647

16.6ElectronicandOpticalImplementations647
16.6.1FullyImplementedNeuralNetworkChips648
16.6.2VirtualCoprocessorsandSimulators650
16.6.3OpticalandElectroopticalImplementations650
16.6.4ImplementationTradeoffs654

16.7CriticalR/DIssuesandFutureTrends654
16.7.1CriticalR/DIssues655
16.7.2FutureTrends656

Bibliography657

Index661


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

